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#112 0 0 3 - 2 8 6 1 1 8 ^ ^--J : 1/E 



lBm::^y^^^m^tir:ht/tyr^^^'C'^^X. ^--fy^ijy Y-^-y^^ii-l 2 6 0 n 
mmr-C*^. 3 1 0 nmlCi3lt^^5^^«^:*^0. 3 2 d B/ k mJilT-C* «5 . "ife 

ftl 3 8 0 nmHi3tt^OH^l-H^a*li»nl:**0. 3 d B/ k mlJlT-e^;g) i =Sri|f 

lit*:* 21 , ^ , _^ ^ 

1 3 1 0 nmtii3lt^{Ka^»^3&^0. 3 0 d B/k mJiJlT-e^^ i ^#^^1^-^ 

ft*:* 1 iam<?)^7 T 
Hi*:* 3 1 

^gtftl 3 8 0 nmtcjslt'SfS^JI^^mSl 3 1 0 n m 13 i3 It ^^tt^ J: lj/h$v^i 
t =£r#mt i-^W*« 1 ia«<^3fe7 T 
[ft*:* 4 1 

iScSl 3 1 0 nmtri3tt^<5^«*5i^'b?fiiftl 5 5 0 n mici3lt^fe^tl^«r5lv^:^cilt 
;6*0. 1 3 dB/kmJ^)lTT^:&^:^:^r#m^:i■Sft*«li^«<^^^T>f^^'o 

^^l^^^^^l 3 0 0 nmjy.±l 3 2 4 n mJ^TT'^* i t =S:#mi:-r^li*:* 1 iB« 

mil 5 5 0 nmtc^tt^«^- K^S-fCTJ^ 0 . 5 p s/km^ ^ ^ ^jiir-e^;?, ;i t «r 
#m 1- »*:* 1 lfi^<^3fe -7 T ^ ^^'o 
[It*:* 7 1 

'^ft 1 5 5 0 nmiri5frtSffltfil:#2 0 mm-e<^ftlf«^**3 d B/mmTt?^ :& ^1 
'Sr^mtf SW*:* 1 ^M,(r>if7 r ^ 

[ft*:* 81 ^ ^ 

5 5 0 nml'*5tt:2>PetermannI(0^«5«^^- K7^-;vm7&U 0 . 0 // m 

£JLT-e^ ^ C i: =lr#m i" ^ W*^ 1 IB«<^^"7 r 

[lt*«9l ^ , 

i:^^ K|I^tC7 5'^5&*»$tLTV^;5,C:a:«r^mi:1-;2>it*:*lIfl«<^^:7T'f >'^o 

[ft*:* 101 _ . . , 
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[0 0 0 ll 
10 0 0 2] 

m.<Dmm^'M^^-'^'^\t-r^^i^^X^^o ttz. ^^^m^^M (WDM: wavelength D 

ivision Multiplexing) ^{S^v^xAti. ^m^fb t/c^-M^T^^-f-^^fS^i-^ ^ <^-C^ 

[0 0 0 3] 

^%0<7)C^^'> K (1530nm~ 1565nm) (D 
flJffl/iifC^'fe <> C^^'> «9ft-ifeSffi!lOL^^> K ( 1 5 6 5 nm~ 1 6 2 5 nm) 
VU^^y K (1 6 2 5 nm~ 1 6 7 5 nm) Ofljffl '?>^W$ tt. tfz. C^^> tjfetfe 
SlffiKT^O/^^ K (1 2 6 0 nm~ 1 3 6 0 n m) , E^^'>' K (1 3 6 0 nm~ 1 4 6 0 n 
m) iiXZ/S/^y K (1 4 6 0 nm~ 1 5 3 0 nm) <DmMi>^U^fiX\^^^o 
[0 0 0 4] 

—1^1'. ^)<^-C^*>^K C/^*> FI*I<7)^S* 1 5 5 0 nm# 

^i<zi3\^^xii:mm^i)^^^bt^j:y). tfz. ?s.si 3 8 0 n mi,z^\^^x oE&Km ^m^m 

[0 0 0 5] 

^!ix.{^. w^wicmi ^'l^m$tLy^:^7T^^^'{i. r^fti 5 5 o nmiziBiy^iT^mm^ 

7&-'0. 1 5 4 dB/km-e**). ^Sft 1 3 0 0 n mtwi3tt^fg^»^*^'0 . 2 9 1 dB/k 
m-e*^. ?feftl 3 8 0 nml^*5tt'5)OHSllH^a*Jiin4*^'0. 7 5 dB/_km-Cib 
;5>o t5^>:. WW-X^H-m^^f^fz^y r ^ '^m. ^feSl 5 5 0 nmicistt^fs^a^*^ 
0.170-0.173 dB/kmT-^tJ. 1 3 8 0 nmlCiStt^ OHSt:i@*ii^ii 
jlras^i^o. 3 dB/km-e*;&o 

* [#K^« 1 ] ^m^nm 6 4 4 9 4 1 5 ^mmm 

^#ttJ . BB^n 6 1 ^JSS^M^^j^^^S:^^. 10 9 1 
[0 0 0 6] 

L^i^L^^^'b. ±iB©##M=:ft:mUCfB«:^tL/-^'7T-f/N*li> V^ftl 3 0 0 nml'*5 
tt^fe^^Ji^^^/h$''\'^'^fi^* '-^''^><^<^- ^Sl 3 8 0 nml^*5lt^ OH^t^S^a 
^*ij!JDS5j)^:^§V^-^ t75>^. ^<^"&S1 3 8 0 nm:feitFJS3a<^?K:Sl^t^*3tt'Sfe^*i^ 
^-'^<75?feft^i:ib^t-C#^'ti:::^^ <. bf^>&^o-C, ^fitft 1 3 8 0 nm^^ttt^^^Xit 

[0 0 0 7] ^ „ 

#fF:5:mu^lB«$^''-^7r-r^-^li. ^Sl 3 8 0 nmtc^tt^OH^t^H^ 
ffl^±ii^a>^'^^^^^^^>■^^**f ^ Uv^^t^O, h^r^-ifeST&^l S l O nmiik±X:h^ . 
^V^i, :*^tic?feft55i^ l 3 5 0 nmT'ifei9, L/c/S^oT. 1 3 10 nm'ftiaot&S'^ 
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[0 0 0 8] 
[0 0 0 91 

2 6 0 nmmTtT'^lJ. 1 3 1 0 n m H i5 It ^ feiiS^^^ 0 . 3 
2 dB/kmJ^lTT-abf?^ 1 3 8 0 nmi:::j3tt^ OHftt^H^a^liSni^^G. 3 d 

[0 0 1 01 

ll:fev^-C<5^ia^75^ft/hi:=&^o ^ (^^^ r -f ^'^14. 1 3 10 nmt-ciott^fe 

^j^^^Vh$<. r&Sl 3 8 0 nmtwj3tt^0H*i;H^«^liJnS:^/h$v>o ^ibt'^ 
^O^^T-T^^li^ y h jj-7i&ft75«l 2 6 0 nmlJ]lTt^*)'&Cli::0^(b. 0^n*>' 

[0 0 1 il 

*^BJlc#'5.5fe:7T-f ^^'(4> tfeSl 3 10 iimtci3lt^<5mii^*«0. 3 0 dB/km 
[0 0 12] 

:$:^B>g^C#^7fe7T-^^^li> vMl 3 8 0 nml,zisif ^Um^^^^'S.^ I 3 10 nmtc 
:fett'5)fs^a^«t y)yi^^\f^<Dif)mMX^^. CCOft-^tCti, ?gt:g 1 3 8 0 nm-ftifiO-jS"^ 

[0 0 13] 

:$:|§B^lw#;S>^7 T ^^N'{4> -^ftl 3 10 n mtw;feJt^fe^ift*>5'^^?&:H 5 5 0 nm 
tri5tt^f55^il^=&51v>^c'(l;6«0. 1 3 dBykm&.TX^^<D:dmMX^^. ^(Dm^ 

^ H^i" Cl t T&^f # ^ o 
[0 0 14] 

:*:|&^iC#-|>*-7r ^/N*(4. WtS:«^n 3 0 0 nmm±l 3 2 4 nm]ikTX^^(D 
[0 0 15] 

2f:|&§g^'#^5fc7T-f-'^'{i^ tfeS 1 5 5 0 nmtC^lt^^ilK^- K^^**0._5 p s / 
[0 0 16] 

■:^^m^Z^^ity T ^ ^Mt. iStftl 5 5 0 nmtw^ttSttlfil:#2 Omm-eoffira^ 
[0 0 17] 

3js:||HJic#;z,3fc7 r-^/^^4^ 1 5 5 0 vim\z^\y^?eievmaxml<r>^m\Z.mth'i- 
K^-f-^l^m^^l 0. 0/imJ£lTt?2b*O;6Wig-e^l}. dO^-^tCli, -^-"rMb^ 

[0 0 18] 
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10 0 19] 

[0 0 2 01 ^ ^ 

[0 0 2 1 1 

mm. :^mM^WJ'%^^yr^^^io<Dm.mm'c^:ho mm (a) {±. ^yr-f^-^ 

1 0(^)3fc«it-iiii:'S:W®=S:^-ro isill! (b) ^^r^f/^l 0 oia*lT$:/n 7 r ^ ^v* 
^•to :lOlII^c^$^^;2> J; 9 ^7 r l O 4''il^tc®fM56-*R?^<^=iTlRit l It 

, ^onrinti 1 m^^'m-dmM<D ^ y vm^i 2 i:^^LTv^<g,o 

[0 0 2 2] _ 

2 lC7y^7&«»$tL-rv>-C, 3T^^1 1 i'G e O2 TS^'^Jn^tL-C^^j-f. tfc, 3T 

So tfz. ^yr^^^l 0<^^-7';i/:* 1 2 6 0 nm^i.T'C^So 

[0 0 2 3] _ ^ , 

?^ftl 5 5 0 nm#i£t3i3V^T<5^«^:«i^'m/hi'^So 1 5 5 0 n m i3 It S fejUS 
« 1 5 5 0 tm-to ttz. ^^T^^'^l Oti^ ?&ftl 3 1 0 nmlCi5ttSfK^a^« 
1 3 1 0 **0. 3 2 dB/'kmiy.Tt?**). ^feftl 3 8 0 nmtr*5ttS OH»J^HS«^ 
liinfiA a 1 3 8 0 ;6*0. 3 d B/kinJJJ.T"C2feSo 
[0 0 2 4] 

Z.(7^ity T 1 0 (4> 13 10 nmlC^fettSfs^Jl^a i 3 i o >?>VJn$ < , 

1 3 8 0 nmii:fettSOH^t^HSa^iiUnS:A a i 3 s o 'fe/h^V^o %h\^. Z.<D%y 
r'f/N*10{4> ^-y;V3!7 5/ h:f7tfeS3&*l 2 6 0 nmJiJ.T-e^S ^^:>5*?>^ 0^^^ F^* 

[0 0 2 5] 

^^T-r/N'l 0{±s ?feSl 3 10 nmlC;fettS'f5^»^a i s i o 5&*0 . 3 0 d B / k 
[0 0 2 6] 

^7r-f>'^'l 0{±. «1 3 8 0 nmtC*3ttS{5^a^a i 3 8 o 1 3 1 0 nm 

iCiSltS^S^ii^a 1 3 1 0 i t3/h$v>(^:ei5$?^ L<, ico^^tcti. ?gt«l 3 8 0 nm 

[0 0 2 7] 

^^T'f ^^1 0 (±, icftl 3 10 nmlC*5ttSf5^«*« i 3 i o :^P>?feftl 5 5 0 n 
mlCiSttS-fS^W^a 1 5 5 0 *?|V>/c#A ff (=c 1 5 5 0 - a 1 3 1 0 ) :«»-'0. 1 3 
dB/kmmTT'$)S<^>{/Wt U<. ^<7)^^H{±, M?feft^^<7)fK9llfI^<^^55^-'h^^^<^ 

[0 0 2 81 _ ^ 

ia3J4. :$:||M?^St^#S5fe7 7>f ^N'l 0<^^!lt:R^O?fe*Wtt^7FTllI-e$)So Cl 

yr^^^l 0 <^#^Mft A 0 {4 1 3 0 0 n mii).± 1 3 2 4 n mmTT*^ S o i <D^^. 

^ o 
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10 0 2 9] 

^ibtc, 3fe7r'f/^'l Ofi. 5 5 0 n mtiislt^^itgt^- K:Si!J::6*0. 5 p s/ 

0{i. tStSl 5 5 0 nmici3tt'2>fflim#2 0 mint?Offltfa^7&«3 d B/mJ^J.Tt'^ 

KiwB;&JI^liin=SriS:iti-^ ^ fc56-"^§^o t/is T-Y/N'l Oii. -^ft 1 5 5 0 

$f^L<^ ioi^^iwji, >^-y;V'fb$tL;2>^ii-x'-r ^'n^v K^IH^^I^±i^J^^:^i:^t■r 
[0 0 3 0] 

[0 0 3 1 1 _ 

7 . 9 yt/ m-e*) y). ^y y YW^<r>W^ 2hi)^l2b p. mT'* . ^ 7 K«jt<?)jS4ff^ 
'^^S LT 3 T^it<OibJB$f^^A n*«0 . 3 9 %-e*i>o 
10 0 3 2] 

-^^L, C:<^55rv>^#=^zajg*^2 0 0 0t:6OjP^'^f*l-e®#Lr. ^1-^3 mmt?:£$ 5 0 
c mO 9 ;^ o -7 K 2 ^f^^i- ^ o ^ /i. 9 7. l'^^^ J:b®W«56-'- 0 . 3 9_ 

:H#5&«2 Omm-e. F«3#>i*6 mm-C2b^o 

[0 0 3 3] 

?y7:J!>/^M7'l iM*^^"^"^ ■^5*^lb:<^7;^^^M -/i i*ii^?f^^N2 :^r^ (H2 

«75«0. 5#^p pmJ^i.T, 'e-<7)#<7)H-^*:*'>^<50'^>&»:«>^0. l-fmp pmmT) =Sr^ 
m^^t:^ aa^Or, O O O c c/mi n (mr rs c cmj t^ia 

^1 (7)I*ll5<7)^J±=Sr 2 . 5 k P a ^<7)fc^. mitii ^Xf^%it 

(D^-XM'^if y 7.^^^ -fliBX. Xflf 7 ;^ n >y K 2 M^fKD n SiS 5 5 0 t: JiJ.± tcjn^ 
$a^|gHAyftfeJ5:<, -?-<^^HA<7)M^1Bij<0*$ 2 0 0 mmOSI5^9*«:#tp^fflB =Sr. 

7l?^S2 0 0V.\z1]\[^-f:ho 1]m<%mB\±. f^cO'f^'fbXStrTajg 5 5 0 
'Cjy.±tc»$tL;?>$6H=^'^tf idlc-T'&o CO^^c^S:4 0#^'f^^L. ±ieo?t^>5;N2 

[0 0 3 41 

m^^X. EI 4 (d) tr^^ttiS) tc, ?tr7;^^NM"/l<^^lM<^^^M7'5^-'b:^7 

7.^^y(^\m^m.^myfmo^if:^ m^^^^ c 1 2 , soc 1 2 ) ^r»Au 

[0 0 3 5] 

^h\zm^^x^ mA (c) i ^ tr. :^f9;^^^M7'l<7)^2MJ=l:^^!i3 J: 

0 1 kPaJiy.T<^*^^]^i^Mffi-tSo -e-*^^, :«'7;^/-«>f "/l<^lll3S^S9<^^'«'^•^5*- 
^35f7;;^/^M :^ii*ilcft^*N2 -ffy^ (H2 O-g-^»**0. 5'^p pmJ^J.T, -e-<^'ftfe(?) 
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(±IIH2 0) =^«$-i^^o 
[0 0 3 61 _ 
-e-Ur. ®4 (c) ti. n ^ K^f yn^yj^^ica: 15. 

K2 i:=^MMLi!&«$-frT4'^'fb1-^o )?7-7 ■/ 1 oMtC. 5 0 

0 s c cmOC 1 2 **;^i3J:lF5 0 0 s c cm<7)0 2 :^r^^#Ai-^o iS-yT.^^^ 

[0 0 3 7] 

*-A*#;&o i<^^@l 4mm<^^l -/U 7:^--A(7)nig®±t;. H2 /O2 i^ef l^S 

1 C 1 4 ^^XLT#^>tLfcS i O2 0fii^*> 2 OmmtT-it^^-iir^o -<75jt 

w#=^'^i*itwA^-cM8 0 ot:irip^L, sr/^T'zasi 5 o or^T-i^p 

za=l-±tf i<^FBls 15000SCC m<^H e :«r;^i3 J:0^4 5 0 s c c m<^)S F e :<f:^ 
[0 0 3 81 

[0 0 3 91 

^:}^lbOIll^w^$tL;2, i 9 T'Y^^*{±. ^feft 1 3 1 0 n mtwi3lt^fe^ 

X 3 1 0 35^0. 3 3 d B/km-e«fel9, 1 3 8 0 n mtCiSlt^fTC^ti^ a i 3 

8 0 **0. 6 2 dB/km-e2bi9> 1 5 5 0 n mlC^Slt^fe^Uffl^ a i 5 5 o ^^0. 1 

9 dB/km-e* a^MA a (= « i 5 5 o - a i 3 i o ) 0 . 1 4 d B/km-e 
*^). 3 8 0 nmt^i3tt'i)OH»lwH<5>ii^j«JPfi:A « 1 3 s 0 0 . 3 1 d B/ 

k m'Cab'&o 
[0 0 4 01 

ClttlC^^tT. |IM^^J<^^-7 T-f ^-^'{i. V^ftl 3 10 nmt'i3lti>fe^a^a 1310 
76^0 . 2 9 d B/km-e^ «9 . 1 3 8 0 n m jolt Sfi:^?!^ or i380 ^^0.27d 
B/km-eafei). ^gtft 1 5 5 0 n mtX:felt^f53iltS* a 1 5 5 0 ^^'0 . 1 7 d B/k m-C 
* ^ ^ a^MA a5&*0. 1 2 d B/kmT* ^* 1 3 8 0 n ml-iSttS O Hlfet'H^ 
a^iiSnSA a 1 3 8 0 ;&*0. 0 3 d B/km-e^<&o 
[0 0 4 11 

mMm<Dity r 4 ^^ii. >>---7';v:^; h:e-7«^^l 2 2 0 ^:9'tfc 
ifeS^&n 3 1 0 nmT'^«9. 1 5 5 0 nmiC:fe»tS^- -f K#*^9 . 7 m 
T?*«5. iS^ft 1 5 5 0 nmtC:^lt^fitfE#2 0 mmT<Dffitfti^:&*2 d B/m-^zb^o 
[0 0 4 21 

tC^^pflJ^tt-C. &«1 5 5 0 nmK^ijr^U^^- K^tici±> t>c:^t? 0 . 1 p 

s/km^ / 2 ^^I 36*15:^ $tt/c mm «5 ^^"^^ 0 . OSps/km^^^jy^ 

[0 0 4 31 

[mil :4:|li&Mi::'^*5fc-7r>f >'N*l 0<Dmm-^^^o 

[12121 3|s:^MMl-#'2>3fc7T'f^N*l 0 <0^^a^<^^«'^S^^'t^*^'^l^"^**<' 
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